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Abstract
The White eﬀect [Perception 8 (1979) 413] cannot be simply explained as due to either brightness contrast or brightness assim-
ilation because the direction of the induced brightness change does not correlate with the amount of black or white border in contact
with the gray test patch. This has led some investigators to abandon spatial ﬁltering explanations not only for the White eﬀect but
for brightness perception in general. Oﬀered instead are explanations based on a variety of junction analyses and/or perceptual
organization schemes which in the case of the White eﬀect are usually based on T-junctions. Recently, Howe [Perception 30
(2001) 1023] challenged T-junction based explanations with a novel variation of Whites eﬀect in which the T-junctions were con-
stant while the brightness eﬀect was eliminated or reversed, and proposed an alternative explanation in terms of illusory contours.
The present study argues that an analysis at the level of illusory contours is not necessary and that a much simpler spatial ﬁltering
based explanation is suﬃcient. Brightness induction was measured in a set of stimuli chosen to illustrate the relationship between the
Howe stimulus [Perception 30 (2001) 1023], the White stimulus [Perception 8 (1979) 413] and the classical simultaneous brightness
contrast (SBC) stimulus. The White stimulus and the SBC stimulus occupy opposite ends of a continuum of stimuli in which the
Howe stimulus is the mid-point. The psychophysical measurements were compared with the predictions of the oriented diﬀer-
ence-of-Gaussians (ODOG) computational model of Blakeslee and McCourt [Vision Research 39 (1999) 4361]. The ODOG model
parsimoniously accounted for both the direction and relative magnitude of the brightness eﬀects suggesting that more complex
mechanisms are not required to explain them.
 2004 Elsevier Ltd. All rights reserved.
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The brightness of a region of visual space is not re-
lated solely to that regions luminance but depends also
upon the luminances of adjacent regions. The parame-
ters of a particular stimulus may result in the brightness0042-6989/$ - see front matter  2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2004.09.027
* Corresponding author. Tel.: +1 7012319719.
E-mail address: barbara.blakeslee@ndsu.nodak.edu (B. Blakeslee).of the test region shifting away from (contrast) or to-
ward (assimilation) the brightness of the surrounding re-
gion. A textbook example is simultaneous brightness
contrast (SBC) in which a gray patch on a white back-
ground looks darker than an equiluminant gray patch
on a black background (Heinemann, 1955) (Fig. 1(e)).
The White eﬀect (White, 1979) has received much atten-
tion because, unlike the classical examples of brightness
contrast and assimilation, it cannot be explained on the
basis of isotropic spatial ﬁltering models (Blakeslee &
Fig. 1. Illustrations of the seven stimulus conﬁgurations investigated.
(a) Represents a standard White stimulus with an inducing grating of
0.5c/d and a contrast of 1.0. The gray test patches were always set to
the mean luminance (45cd/m2). The other stimuli in the series (b)–(e)
were produced by replacing sections of the inducing grating of the
standard White stimulus with homogeneous white and black bands of
increasing height. The original Howe stimulus is represented in (c) and
a standard SBC stimulus is represented in (e), (f) is a variant of the
Howe stimulus produced by Anderson (2001) in which the homoge-
neous bands are not aligned with the test patches but in which the
T-junctions are unaltered from the original White stimulus, (g) is
identical to the standard White stimulus in (a) but with the addition of
multiple test patches.
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ent models (Cornsweet & Teller, 1965; Grossberg &
Todorovic, 1988; Rossi & Paradiso, 2003). This is be-
cause in Whites eﬀect the direction of the brightness
change does not consistently correlate with the amount
of black or white border in contact with the gray test
patch, or in its general vicinity. For example, in Fig.
1(a) the left test patch, a vertically oriented rectangle sit-
ting on the white stripe of a vertical grating, appears
darker than the identical test patch sitting on a black
stripe. Because this test patch has more border contact
with the black ﬂanking bars yet appears darker, the
eﬀect is opposite to a contrast eﬀect. It cannot be attrib-
uted to assimilation, however, since the direction is un-
changed even when the height of the test patch is
reduced such that it has more extensive border contact
with the bar on which it is situated (i.e., the coaxial
white bar) (White, 1979, 1981).
Such considerations have led some investigators to
abandon spatial ﬁltering explanations, not only for
Whites eﬀect but for brightness perception in general.
Alternative explanations for the White eﬀect include
those based on T-junction analysis alone (Todorovic,
1997; Zaidi, Spehar, & Shy, 1997) and those based on
various perceptual organization schemes, also usually
involving T-junctions (Adelson, 2000; Anderson, 1997,
2001, 2003; Gilchrist et al., 1999; Ross & Pessoa,
2000). Recently, however, Howe (2001) challenged all
T-junction dependent explanations of Whites eﬀect with
a novel variation of the eﬀect in which the T-junctions
remained unchanged but the brightness eﬀect was either
eliminated (13 observers) or reversed (17 observers).
Howe suggested that the FACADE model of 3-D vision
and ﬁgure-ground perception (Grossberg, 1994, 1997,
2001; Kelly & Grossberg, 2000) might explain the eﬀect
if one assumed that the conﬁguration of the Howe stim-
ulus resulted in the formation of four illusory contours.
These contours would eﬀectively change the T-junctions
into X-junctions, thus diminishing the eﬀect by changing
the contextual interactions in the model that work to
realize boundary and surface percepts. The details of
the FACADE model are far too complex to discuss
here, however, the present study suggests that an analy-
sis at the level of illusory contours may not be necessary
and that a much simpler explanation based on the aniso-
tropic multiscale spatial ﬁltering model of Blakeslee and
McCourt (1999, 2001, 2003, 2004a) may suﬃce.
Brightness induction was measured in a set of stimuli
chosen to illustrate the relationship between the Howe
stimulus (Howe, 2001), the White stimulus (White,
1979, 1981) and the classic SBC stimulus. The White
stimulus and the SBC stimulus occupy opposite ends
of a continuum in which the Howe stimulus is the
mid-point. The experiment quantitatively replicated
the Howe experiment and quantiﬁed brightness induc-
tion in the Howe stimulus relative to that in SBC andWhite stimuli. An additional variant of a White stimulus
introduced by Anderson (2001) and a White stimulus
with multiple test patches were also examined. Anderson
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the Howe stimulus were not aligned with the test patches
(Fig. 1(f)) the eﬀect returned to normal, however, no
empirical brightness data were reported in support of
this assertion. Similarly, sparse data are available on
the eﬀect of the number of test patches in the White
eﬀect. In his initial paper White (1979) stated that the
White eﬀect was stronger when there were a number
of gray bars in each test region. A later paper (White,
1981) states, however, that the strength of the illusion
is relatively independent of the number of test
patches. The empirical measurements of brightness in
this set of seven stimuli were compared with the predic-
tions of the ODOG model of Blakeslee and McCourt
(1999).2. General methods
2.1. Subjects
The authors (BB and MM) and six naı¨ve observers
(CGS, BV, NP, TKO, CXX, MWI) participated in the
experiments. All eight subjects possessed normal or cor-
rected-to-normal vision.2.2. Stimuli
Stimuli were presented on a 21
0 0
EIZO display moni-
tor driven by a Matrox Parhelia display adaptor. Mon-
itor gamma was linearized using a pseudo-gray look-up
table which provided 103 linear intensity levels (Tyler,
Chan, Liu, McBride, & Kontsevich, 1992). Images were
presented in a 1024 (w) · 768 (h) pixel format. Frame re-
fresh rate was 120Hz. Viewing distance was 60.7cm
resulting in a stimulus ﬁeld that was 24 in height and
32 in width. Individual pixels measured 0.031 ·
0.031. Inducing patterns appeared in the upper half
of the stimulus ﬁeld while the lower half contained a
matching patch of adjustable luminance (0–90cd/m2).
On each trial the matching patch was presented directly
below either the left or the right test patch and cued the
subject to match the test patch directly above it. The
width and height of the matching patch were always
the same as those of the test patch (1 · 3). The match-
ing patch was embedded in a 2 · 4 checkerboard com-
posed of 0.25 · 0.25 checks with a luminance contrast
of 20%, and a mean luminance of 45cd/m2. Thus, the
matching patch was bordered by two checks on each
side. This checkerboard background was surrounded
by a homogeneous ﬁeld set to the mean luminance of
the display (45cd/m2). A checkerboard matching back-
ground was employed because in preliminary tests sub-
jects reported that it was easier to make a direct match
with a checkerboard as opposed to a homogeneousmatching background. Match settings, however, were
not inﬂuenced by type of background.
The magnitude of the brightness eﬀect was measured
in the seven stimulus conﬁgurations illustrated in Fig.
1. Fig. 1(a) represents a standard White stimulus with
an inducing grating of 0.5c/d and a contrast of 1.0.
The gray test patches were always set to the mean lumi-
nance (45cd/m2). The other stimuli in the series (Fig.
1(b)–(e)) were produced by replacing sections of the
inducing grating of the standard White stimulus with
homogeneous white and black bands of increasing
height. In this series the original Howe stimulus is rep-
resented in Fig. 1(c) and a classic SBC stimulus is rep-
resented in Fig. 1(e). Note that in the stimuli appearing
in Fig. 1(b) and (c) no alterations have been made adja-
cent to the test patches, and, as discussed by Howe
(2001), all of the T-junctions are therefore unaltered.
In Fig. 1(d) and (e), however, the height of the homo-
geneous white and black bands exceeds that of the test
patches resulting in the elimination of all T-junctions.
Fig. 1(f) is a variant of the Howe stimulus produced
by Anderson (2001) in which the homogeneous bands
are not aligned with the test patches but in which the
T-junctions are unaltered from the original White stim-
ulus. Fig. 1(g) is identical to the standard White stimu-
lus in Fig. 1(a) but with multiple gray bars in each test
region.
2.3. Procedures
All stimuli were viewed binocularly through natural
pupils in a dimly lit room. Subjects heads were posi-
tioned relative to the display with a chin and forehead
rest. To help hold adaptation state stable subjects were
instructed to maintain their gaze within the illumi-
nated region of the display but were otherwise free
to move their gaze to whatever part of the display
was appropriate for the task. Brightness matching
was employed to measure the magnitude of induction
in the gray test patches of the various brightness dis-
plays (McCourt & Blakeslee, 1994). Subjects were in-
structed that when making brightness matches they
were to match the perceived intensity of the stimulus.
On each matching trial the initial value of the match-
ing stimulus was randomized. Subjects controlled sub-
sequent increments and/or decrements in matching
luminance by rolling the wheel of a mouse upwards
or downwards, respectively. Each wheel click resulted
in a luminance change of 1% relative to the maximum
luminance. The adjustment interval for each trial
lasted until the subject indicated that the match was
complete by pressing the ‘‘done’’ button. Final adjust-
ment settings were recorded by computer, which also
randomized the presentation of stimuli. Ten match set-
tings were obtained in each experimental condition
from each subject.
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A detailed description of the ODOG model can be
found in Blakeslee and McCourt (2004a). For clarity,
however, a brief description and rationale is included
here. The oriented ﬁlters of the ODOG model were
produced by setting the ratio of DOG center/surround
space constants to 1:2 in one orientation and to 1:1 inTable 1
Oriented diﬀerence of Gaussian space constants
Mechanism Space constant ()
Center Surround
X Y X Y
1 0.047 0.047 0.047 0.093
2 0.094 0.094 0.094 0.188
3 0.188 0.188 0.188 0.375
4 0.375 0.375 0.375 0.75
5 0.75 0.75 0.75 1.5
6 1.5 1.5 1.5 3
7 3 3 3 6
Fig. 2. A diagrammatic representation of the oriented diﬀerence-of-Gaussian
oriented ﬁlters of the ODOG model were produced by setting the ratio of DO
in the orthogonal orientation. (b) The ODOG model is implemented in 6 or
orientation is represented by seven volume-balanced (i.e., integrate to 0) ﬁlter
to 6.5c/d). The seven ﬁlters (b) within each orientation are summed after wei
This slope is consistent with the shallow low-frequency fall-oﬀ of the suprath
resulting six multiscale spatial ﬁlters, one per orientation, are convolved wit
across orientation by equating their space-averaged root-mean-square con
normalized outputs are summed to produce the ﬁnal ODOG model outputthe orthogonal orientation (Table 1). A gray level rep-
resentation of an ODOG ﬁlter appears in Fig. 2(a). The
ODOG model is implemented in six orientations (0,
30, 60, 90, 30 and 60 relative to vertical). Each
orientation is represented by seven volume-balanced
(i.e., integrate to 0) ﬁlters that possess center frequen-
cies arranged at octave intervals (from 0.1 to 6.5c/d).
The seven ﬁlters (Fig. 2(b)) within each orientation
are summed after weighting across frequency using a
power function with a slope of 0.1 (Fig. 2(c)). This
slope is consistent with the shallow low-frequency
fall-oﬀ of the suprathreshold contrast matching func-
tion (Georgeson & Sullivan, 1975). The resulting six
multiscale (or broadband) spatial ﬁlters, one per orien-
tation, are convolved with the stimulus of interest (Fig.
2(d)–(e)). The six ﬁlter outputs (Fig. 2(f)) are normal-
ized across orientation by equating their space-aver-
aged root-mean-square contrast, as computed across
the entire convolution output (Fig. 2(g)). The six nor-
malized outputs are summed to produce the ﬁnal
ODOG model output (Fig. 2(h)). The psychophysical
linking hypothesis employed was that the univariate(ODOG) model. (a) A gray level representation of an ODOG ﬁlter. The
G center/surround space constants to 1:2 in one orientation and to 1:1
ientations (0, 30, 60, 90, 30 and 60 relative to vertical). Each
s that possess center frequencies arranged at octave intervals (from 0.1
ghting across frequency using a power function with a slope of 0.1 (c).
reshold contrast sensitivity function (Georgeson & Sullivan, 1975). The
h the stimulus of interest (d)–(e). The ﬁlter outputs (f) are normalized
trast, as computed across the entire convolution output (g). The six
(h).
Fig. 3. The brightness eﬀect produced by each of the seven stimuli is
plotted separately for the eight observers. The magnitude of the
brightness eﬀect is plotted as the diﬀerence in mean matching
luminance between the right and left test patches. Data from individual
subjects is identiﬁed by symbol shape. The bars represent the group
mean for each stimulus condition. The stimuli from left to right
correspond to the stimuli represented in Fig. 1(a)–(g) and have been
labeled accordingly. The data from the eight subjects show a similar
overall pattern which is well represented by the group means.
Examination of the ﬁrst ﬁve stimulus conditions (a)–(e) indicates that
for this series of stimuli there is an orderly progression in the
brightness diﬀerence between the test patches that reverses sign in the
middle of the series indicating a reversal in the direction of the bright-
ness eﬀect. The diﬀerence in the magnitude of induction for Andersons
variant of the Howe stimulus and for a White stimulus with six test
patches appear in (f) and (g), respectively.
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proportional to perceived brightness.
According to the ODOG model brightness induction
eﬀects are fundamentally the result of linear spatial ﬁl-
tering with an incomplete basis set. A complete linear
transform (e.g., Fourier or wavelet) is lossless, meaning
that a spatial image can be veridically reconstructed
from its frequency domain representation. One obvious
consequence imposed by the incompleteness of the ﬁlter
array of the ODOG model (and by the human visual
system it represents) is that arbitrarily high spatial fre-
quency information cannot be represented in a recon-
structed image. Less well appreciated perhaps is that
the incomplete basis set results in information loss at
low spatial frequencies as well. Indeed, patterns whose
scales are large (i.e., low frequency) relative to the scale
of the encoding ﬁlters are represented with a loss of low
frequency information and therefore exhibit brightness
contrast eﬀects; conversely, patterns whose scales are
small (i.e., high frequency) relative to the scale of the
encoding ﬁlters are represented with a loss of high fre-
quency information and therefore exhibit brightness
assimilation (Blakeslee & McCourt, 2004a). In addition
to these eﬀects of incompleteness over scale, both the
orientation selectivity of the ﬁlters and the nonlinear
stage of the ODOG model, in which the outputs of the
six orientation channels are equated through contrast
normalization, are also critical for explaining some
brightness eﬀects, such as Whites eﬀect. Note, however,
that the deﬁning features of the ODOG model (linear
multiscale spatial ﬁltering by oriented ﬁlters followed
by response normalization) are characteristics routinely
observed at early stages of cortical visual processing in
both cat and monkey (Carandini, Heeger, & Movshon,
1997; Geisler & Albrecht, 1995; Gilbert, Das, Ito, Kapa-
dia, & Westheimer, 1996; Rossi & Paradiso, 1999; Rossi,
Rittenhouse, & Paradiso, 1996). In addition, McCourt
and Foxe (2004) have recently shown that the brightness
diﬀerences in Whites eﬀect are associated with diﬀeren-
tial visual cortical activity in human striate and/or early
extrastriate cortex.3. Results
3.1. Psychophysical data
The brightness eﬀect produced by each of the seven
stimuli is plotted separately for the eight observers in
Fig. 3. The magnitude of the brightness eﬀect is plotted
as the diﬀerence in mean matching luminance between
the right and left test patches. Data from individual sub-
jects is identiﬁed by symbol shape. The bars represent
the group mean for each stimulus condition. The stimuli
from left to right correspond to the stimuli represented
in Fig. 1(a)–(g) and have been labeled accordingly.The data from the eight subjects show a similar overall
pattern which is well represented by the group means.
Examination of the ﬁrst ﬁve stimulus conditions (a)–
(e) in Fig. 3 indicates that for this series of stimuli there
is an orderly progression in the brightness diﬀerence be-
tween the test patches that reverses sign in the middle of
the series indicating a reversal in the direction of the
brightness eﬀect. For example, the brightness diﬀerences
for the standard White stimulus (Fig. 3(a)) indicate that
all eight subjects show the White eﬀect. The test patch
sitting on the white bar of the inducing grating (left side
of stimulus) appears darker than the test patch on the
black bar, despite having more extensive contact with
the dark ﬂanking bars. The brightness diﬀerences be-
tween the test patches of stimulus (b) indicate a bright-
ness eﬀect in the same direction but on average of
slightly lower magnitude relative to those for the stand-
ard White stimulus. Consistent with Howes (2001)
observations, however, the brightness diﬀerence for the
Howe stimulus (c) is much reduced and in some in-
stances reverses sign (i.e., the eﬀect is in the direction
of SBC rather than in the direction of Whites eﬀect).
All eight subjects show a further brightness shift in the
direction of SBC for stimulus (d). Not surprisingly, this
eﬀect is largest in (e), where an inducing grating is no
longer visible and what is left is a classical SBC stimulus.
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ducted on the group mean diﬀerence data from this ser-
ies of ﬁve stimulus conditions (a)–(e). There was a highly
signiﬁcant main eﬀect of stimulus condition (F4 = 33.8,
p < 0.001), and an a priori contrast analysis showed a
signiﬁcant linear trend (F1 = 35.9, p = 0.001) indicating
that brightness induction systematically changes in size
and polarity between Whites eﬀect and SBC. Post-hoc
paired-samples t-tests were employed to compare the
group mean diﬀerences across the various stimulus con-
ditions. Eight post-hoc comparisons were made, each
Bonferroni-corrected to an alpha level of 0.006 (overall
alpha level of 0.05). First, although the diﬀerence be-
tween conditions (a) and (b) was not signiﬁcant in the
group data (t7 = 1.5, p = 0.18) there was a highly signif-
icant brightness diﬀerence between the White stimulus
(a) and the Howe stimulus (c), (t7 = 5.7, p < 0.001) and
between condition (b) and the Howe stimulus (c),
(t7 = 6.1, p = 0.001). This supports Howes argument
that T-junctions alone cannot be responsible for the
White eﬀect (Howe, 2001), since the T-junction structure
present in the White stimulus is unchanged in the Howe
stimulus while the brightness eﬀect is greatly reduced,
disappears or reverses direction. Note that this compar-
ison reveals that stimulus regions removed from the test
patches by over 1 are responsible for the signiﬁcant
changes in the magnitude of the brightness eﬀect. In
the transition between the Howe stimulus and condition
(d) the T-junctions are completely eliminated and there
is a further signiﬁcant shift of the brightness eﬀect in
the direction of SBC (t7 = 5.1, p = 0.001). There is an-
other signiﬁcant magnitude increase in the direction of
SBC between stimulus (d) and (e) (t7 = 4.2, p = 0.004).
Also of interest in this series is that the absolute value
of the group mean diﬀerence between the test patches of
the White stimulus and the test patches of the SBC stim-
ulus are not signiﬁcantly diﬀerent (t7 = 1.95, p = 0.09).
This diﬀers from White (1981) who reported that the
White eﬀect was three times larger than SBC. White
(1981), however, used an inducing grating spatial fre-
quency of 6c/d and a test patch height and width of
0.8 and 0.08, respectively. SBC was measured for
0.8 · 0.8 test patches. The inducing grating in the pre-
sent study was 0.5c/d, and the test patches for both the
White and SBC stimuli measured 1 · 3. Obviously the
inducing grating used in Whites (1981) study was of
much higher spatial frequency and the test patches much
smaller than those of the present study. In this regard it
is of interest that Blakeslee and McCourt (2004a) quan-
titatively conﬁrmed earlier qualitative reports (White,
1979, 1981) that the White eﬀect increases with increas-
ing spatial frequency. Note, however, that for this in-
crease in the magnitude of the White eﬀect with spatial
frequency to explain the conﬂicting outcomes of these
studies, the increase in SBC known to accompany de-
creases in test patch size (Blakeslee & McCourt, 1999;Yund & Armington, 1975) would have to be less than
the eﬀect of size on the White eﬀect. In any case it is
important to realize that the magnitude of the White ef-
fect is not always larger than SBC and that theoretical
accounts for Whites eﬀect which are based on this
assumption (Anderson, 1997, 2001, 2003) need to be
reconsidered.
Fig. 3(f) shows the diﬀerence in the magnitude of
induction for the test patches in Andersons variant of
the Howe stimulus (Anderson, 2001). Anderson (2001)
reported that when the homogeneous bands of the
Howe stimulus are not aligned with the test patches
(Fig. 1(f)) the magnitude of the brightness eﬀect is equal
to the standard White eﬀect. He did not, however, pre-
sent empirical brightness measurements to support this
conclusion. The diﬀerence in the magnitude of induction
in stimulus condition (f), a stimulus similar to Ander-
sons, but containing only one rather than four gray
patches in each test region, was compared with the dif-
ference in the magnitude of induction in the standard
White stimulus (a) and in the Howe stimulus (c). The
magnitude of the brightness diﬀerence was in the same
direction but signiﬁcantly larger for the White eﬀect
than for the Anderson variant (t7 = 4.877, p = 0.002).
However, the magnitude of the brightness diﬀerence in
the Anderson stimulus was also signiﬁcantly larger than
in the Howe stimulus (t7 = 4.095, p = 0.005). Thus we
conclude that the brightness diﬀerence for the Anderson
variant lies between that of the White and Howe stimuli.
The magnitude of induction in a White stimulus with
three gray bars in each test region appears in Fig. 3(g).
Probably based on an early statement of White (1979),
it is often opined that the White eﬀect is stronger when
there are multiple gray bars in each test region (Ander-
son, 2001; Howe, 2001). In a later paper, however,
White (1981) reported that the strength of the illusion
was independent of the number of test patches. A com-
parison of the brightness diﬀerence between the test
patches of the White eﬀect in stimuli with one versus
three gray bars in each test region indicates that multiple
test patches do not increase the magnitude of the bright-
ness diﬀerence (t7 = 0.633, p = 0.547).
3.2. Computational modeling
A multiscale spatial ﬁltering explanation of the
psychophysical results was tested by modeling all of
the stimuli from the present experiment using the
ODOG model of Blakeslee and McCourt (1999,
2004a). Fig. 4 illustrates examples of model output for
a standard White stimulus (stimulus condition (a)) and
for a SBC stimulus (stimulus condition (e)). Facsimiles
of the input stimuli are shown in the panels on the left.
A one-dimensional slice of the model output is repre-
sented numerically in the panels on the right. In each pa-
nel the dotted line shows the veridical luminance proﬁle
Fig. 4. Examples of model output for a standard White stimulus (stimulus condition (a)) and for a SBC stimulus (stimulus condition (e)). Facsimiles
of the input stimuli are shown in the panels on the left. A one-dimensional slice of the model output is represented numerically in the panels on the
right. In each panel the dotted line shows the veridical luminance proﬁle of the stimulus across the horizontal center of the test patch. Note that in
order to represent both test patches the vertical position of the illustrated proﬁle is shifted at the spatial position of 512 pixels. The solid line that
switches to a dashed line in the middle of the stimulus (512 pixels) represents the model output along this same described line. For the stimulus
luminance proﬁles the values ranging between 0 and 255 on the right ordinate represent 256 linear luminance steps from 0 to 90cd/m2. The model
output is plotted relative to the left ordinate. Scaling of the model output is constant for all stimuli allowing them to be compared against a common
standard. As discussed in the text, the predictions are consistent with the psychophysical data.
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patch. Note that in order to represent both test patches
the vertical position of the illustrated proﬁle is shifted at
the spatial position of 512 pixels. The solid line that
switches to a dashed line in the middle of the stimulus
(512 pixels) represents the model output along this line.
For the stimulus luminance proﬁles the values ranging
between 0 and 255 on the right ordinate represent 256
linear luminance steps from 0 to 90cd/m2. The model
output is plotted relative to the left ordinate. Scaling
of the model output is constant for all stimuli allowing
them to be compared against a common standard.
Inspection of Fig. 4 reveals that the predictions of the
ODOG model for these two stimuli are consistent with
the psychophysical data. For the standard White stimu-
lus, the ODOG model predicts a brightness diﬀerence
between the test patches in the direction of the White ef-
fect. In other words, the test patch on the white bar (left
side) is predicted to be darker than the identical test
patch on the black bar (right side). For the SBC stimulus
the ODOG model predicts an eﬀect in the direction of
SBC. The test patch on the black background (left side)
is predicted to be brighter than the test patch on the
white background (right side).The black symbols in Fig. 5 represent the model pre-
dictions in the various conditions and were derived by
averaging the one-dimensional slice of model output
for each test patch across its width and then subtracting
the value for the left test patch from the value for the
right. As in Fig. 4 these slices through the test patches
were always taken at the horizontal center of the test
patch. As in Fig. 3 the bars represent the group mean
luminance diﬀerences between the test patches taken
from the psychophysical data. Since individual data
are not represented in this ﬁgure the 95% conﬁdence
intervals are included.
The ODOG model accounts for the relative magni-
tudes of the mean brightness diﬀerences across all stim-
ulus conditions and, except for the Anderson variant of
the Howe stimulus, for the overall direction of the eﬀect.
The model predicts no brightness eﬀect for the Anderson
variant although psychophysically an eﬀect in the direc-
tion of the White eﬀect, albeit smaller, is observed in the
mean data. Note also that although the model correctly
predicts that the size of the White eﬀect with one test
patch will equal the size of the eﬀect with three test
patches, it slightly overestimates the size of both eﬀects
relative to the means of the psychophysical data. In
Fig. 5. The black symbols are plotted relative to the right ordinate and
represent the model predictions in the various conditions. They were
derived by averaging the one-dimensional slice of model output for
each test patch across its width and then subtracting the value for the
left test patch from the value for the right. As in Fig. 4 these slices
through the test patches were always taken at the horizontal center of
the test patch. The bars are plotted relative to the left ordinate and as
in Fig. 3 represent the group mean luminance diﬀerences between the
test patches taken from the psychophysical data. Since individual data
are not represented in this ﬁgure the 95% conﬁdence intervals are
included. The ODOG model accounts for the relative magnitudes of
the mean brightness diﬀerences across all stimulus conditions and,
except for the Anderson variant of the Howe stimulus, for the overall
direction of the eﬀect.
614 B. Blakeslee et al. / Vision Research 45 (2005) 607–615addition, the model greatly overestimates the size of the
mean SBC eﬀect. Although these discrepancies are of
interest with regard to implementing improvements to
the ODOG model, the overall success of the model in
accounting for the relative magnitudes, and in most in-
stances for the direction, of the psychophysical results
provides support for the view that a spatial ﬁltering ap-
proach, such as that embodied by the ODOG model, is
suﬃcient to account for these brightness eﬀects.
4. General discussion
The psychophysical data indicate that for the contin-
uum of stimuli ranging from the White stimulus (White,
1979) to a classical SBC stimulus, there is an orderly pro-
gression in the brightness diﬀerence between the test
patches that reverses sign in the middle of the series
indicating a reversal in the direction of the brightness ef-
fect. This reversal occurs for all subjects, however, the
location is slightly variable. Thus, for the Howe stimulus,
which occupies the midpoint of the continuum, the
brightness diﬀerence in diﬀerent subjects is greatly re-
duced, disappears or reverses direction. This conﬁrms
and extends Howes (2001) observations and supports
his argument that T-junctions alone cannot be responsi-
ble for the White eﬀect (Howe, 2001). These data also
indicate that stimulus regions removed from the test
patches by over 1 are responsible for the signiﬁcant
changes in the magnitude of the brightness eﬀect (Blakes-lee &McCourt, 2004b). In addition, the data again refute
the claim that the White eﬀect is always larger than SBC
(Anderson, 1997, 2001, 2003), establish that the bright-
ness diﬀerence for the Anderson variant (Anderson,
2001) lies between that of the White and Howe stimuli,
and show that multiple test patches in theWhite stimulus
do not increase the magnitude of the brightness
diﬀerence.
A comparison of the psychophysical data and mode-
ling results indicates that oriented multiscale spatial ﬁl-
tering that includes a stage of contrast normalization
across orientation, parsimoniously accounts for the rel-
ative magnitude and direction of brightness induction in
the set of stimuli that forms a continuum ranging from
the standard White stimulus (White, 1979), to the classic
SBC stimulus. The model also predicts the ﬁnding that
multiple test patches do not increase the magnitude of
the White eﬀect although it fails to predict a brightness
eﬀect for the Anderson variant of the Howe stimulus
(Anderson, 2001). The ODOG model represents a signif-
icant challenge to alternative explanations based on
junction analysis and/or perceptual inference because it
oﬀers a simple, uniﬁed, and quantitatively testable ac-
count for all of these brightness illusions. In addition,
these results add to those of previous studies (Blakeslee
& McCourt, 1999, 2001, 2003, 2004a) illustrating that
the ODOG model successfully accounts for a large range
of brightness stimuli. This is especially impressive given
that no free parameters of the model have been changed
in any of the papers describing the model output since
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